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Quantum information science (QIS) ¢ or Policy nent s
science, engineering, and physical sc td ha
far beyond what is possible with the tced
Al t houmgich of the press coverage of Q n de-x

there 1is more to QIS. Many experts divide QIS techn
e Sensing and metrology,
¢ Communications, and

e Computing and simulation.

The govermmetatin QIS dates-189%0k, atwhkbaagsthet Nathenmid

and Technology and t he Department of Defense (DOD)
mentioned 1in the Y2008 budgdtlnfowhnatrnsn dTewhnht o}
Devel opment Program and ha been a component of the
Today, QIS is a component of the National Strategrc

which was e st aobslti srheecde nitnl y2,0 1liSn. SM pt ember 2018, the
issued the National Strategic Overview for Quantum
this strategie overview include

e choosingfiarsttiem@eSach t

e cr e a tgumagndamdhwo r k f or c e,

e deepening engagement with the quantum industry,
e providing critical infrastructure,

e maintaining mnational security and economic growt

e advancing international cooperation.

The United Stateeassngoinabetnmenn in QIS R&D. Thi s

research centers worl dwide, with China and the Euro
Further, even without expliciti®Qgd SRumnmdsitd at@eormsmgnman
making strides in QIS research and devel opment ( R&D
The Senate has intr bldaunmgBe st BSI(¢ 382 BB dP6damdthlee I1HSus e
introduced o'nCeo nbgirfelsRsi n(6 2 2hEatldd to QI S. These bills
program to accelerate U. S. QI S R&D, create a Nation
Defense Quantum Inf orenqautiSrecartéhocas pr o f ulinengd to carr
science. rTehsee aHocuhs ¢ has hel d Itshsrueees hdeiasrci unsgsse d eilm ttehde s
comparison of U. S. aanndd ihnotwe rtnoa teifofrkaclo wyleS R & DBvai hf ar
Chi’snai nvest meendtg ei nt elcehandoilnoggi es, including QI S, and ¢
with the United States in advanced technology R&D;
This report pr ovitdeecsh naonleongsieensgzi e wdo fme Qf 81 ogy, c¢commun
and simulation. It also includes examples of existi
and selected R&D initiatives he wbelUniaedeStatiopsio
congressional activity; and a discussion of related
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QIS: Applications, Global Research and Development, and Policy Considerations

Introduction

Combining el ements of mathe matpihcyss,i ccaolmpsuctieern csecsi,e
gquantum information science (QIS) has the potent
ossible with the most advanced technologies ava
study of the smallemar gy;r tQlcY ebsu iolfd smaant equ aamtdu m
obtain and process information in ways that cant
principles QIS is based on the premise that 1nf
physics.

The dadges to using QIS in certain circumstances
quantum computing. Qu &fnatsutnk acno nepluatsisnige ails cnoontp ujtuisnt
useful for many types of problems whweare, at kdraes s i
are certain tasks for which the power of quantur
This power 1is deri vésd ufspamiddga at utdimclbmput i ng
Whereas ¢l assi®a’lf ocro ndpauttai npgrtoucseesssoi nmpgu,t iqnuga us es (U
The ractical difference between a bit and a qut
at a time, usually represented by a 1 and a 0, v
This i1is a phcsmopmepaeamide¢adalbhds what allows the pow
computer to grow exponentially with the additior
priodes four pos-sOb,] e0 lc,ombli,naand nlsO , but only one
Twot biin a quantum computer provides for the san
superposition, the qubits c¢can represent all four
computer four times as powerful aeakashecel assical
computer increases 1its power linearly, but addin
power ecexpeawmabiialgl power with. the addition of e a¢
Quantum computing, for all its prbomosderis stildl
quantum applications). Assembling a working quanr
assembling a classical computer. The difficulty
must exist for a quantum coaupatemre tmuswio'fftke d&oac te
of a degree above absolute zero. Also, the sligh
superposition Until systems can be developed tc
qubit, many quantihumhsypystedmsc awi liln mamair e .

QI S Appl

Al t hough much
more to QIS.

ications

of the press coverage of QIS has t
Many experts divide QIS technologie

e Sensing and metrol ogy,

¢ Communications, and

e Computing

ahd simulation.

1 Some expertfurtherseparate computing and simulation into two categories.
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Sensing and Metrology
Quantum sensing and metrology include navigatior
gradiometers, inertial motion units, atomic magnm
locateanebneminer al daespsoissittesd, nauncdl eqaufdldstouwinm 1 ma g i
currently have the largest range of existing anoc
several products in this categormgthttthevmobteter
established category.
I n t Assepoment of the Future Economi canlanipyasctts o f
at the Institute for Deffense Analysis (IDA) dete

new technologies in quantum metrology and sensing offer insgragcuracy compared to

products based on classical physics or existing quantum technologies. New QIS

technologies are being used for position, navigation, and timing; medical imaging; and

research.
Some experts believe tthheaste ttheec hpnootleongtiieasl anraer ksenasl
cases, traditional technologies remain more attr
complexity offHQWSverteopnhhervehave stated that tt
investment and effective coordination bet ween toh
a broad reamhaenoodd QléSnsors by 22021 U.S. marketplac

Communications

Quantum ketyi aln st @@KD) is a method of securing com
physics, rather than mathematical algorithms, tc
Howeave signals toptvediamgbbeocwedhkdbrerrat about 60 1
reansmitted. Quaznx tt em dr ¢ heatdda ss ance the signal ¢
significantly increase the complexity of the prc
any eavesdropping attempt wil le adwesstdrrooyp ptihneg caotntmeu

The Chinese government has been spending heavily
America and Europhedbemetf ibsgwartumhkisdhmgl mgine s
out weigh the costs associdéemandidhf KDyl makongags c

Computing and Simulation

Quantum computing provides an exponentially 1ar.g
provides advantages for certain applications. Qu
har dwarremitme dtetee properties of a quantum system,

2 Keith W. Crane, Lance G. Joneckis, and Hannah AchE&ssld, et al. Assessment of the Future Economic Impact of
Quantuminformation Sciencdnstitute for Defense Analyses, IDA Pape8%67, Log: H 17000362, Washington,

DC, August 2017https://www.ida.orgldamediaCorpaateFilesPublicationss TPIPubs2017P-8567.pdf

(Hereinafter Assessment of the Future Economic Impact of Quantum Information S¢i2Ade

3 Assessment of the Future Economic Impact of Quantum Information Sé¢izAce
4 Assessment of the Futuredhomic Impact of Quantum Information ScignsA.

5 White House Interagency Working Group on Quantum Information Scidus@ncing Quantum Information
Science: National Challenges and Opportunitd&shington, DC, July 20186itps://obamawhitehouse.archives.gov/
blog201607/26/realizingpotentialquanturminformationscienceandadvancinghigh-performane. (Hereinafter,
Advancing Quantum Information Scien¥ghite House.)

6 Assessment of the Future Economic Impact of Quantum Information S¢igfce
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=
Op)

Funding

The gover nmta t in
of Sta

wor kshops on top
Net working and Infor
component of the pro
In Sept e mhlerp a2rO0tlnde, n t
million to 85 resear
National Science Fou
progecKEight projects
working quantum info
distributed to 235 ba
Government QISBSsbabso
the Secretary of Def
Intelligence Advance

U. Sover nment
Q a component o
1
t

I s
3 ) which was &es
h i

o 9 W

i
02
f

7“US Invests $249 Million

) 2
irst OQmama ®Pnmnetstidlengecond und

properties of wtaetnepreiraaltsu rseu cshu paesr choingdhuct or s, and
particle physics.

However, the current capabilitiprsoblfe msuatnhtatm tclhen
can be used to solve. While significant research
l aboratories, uanldaerrgsei ttye cdhenpoalrotgnye nctosmpapmsi, e s , as
it is unlikely that &anypgcommdr beawigdedyt amacdmpl

Government QIS Research

QI S d1a% 9%0ss ,b awhke na tt hlec aMatt itoon

tes
ndards and Technology (DOBJT)hahd thei Defpiar
t he

ic. QIS 1is first mentioned i
mation Technology Research a
gram since then.

of Energy (DOE) announced t

ch projects lasting from t wc

ndation (NSF) announced that

receiving total of §6 mil

rmation sy ems (applied res
ar

ctendacthd
ense. Addit i
d Research

F
a
st
ch projects.
by tNMfS{T, c¢ hef DOD
ionally, the Defe
Projects Activity

Ql SninAttati vegs

f the National S
tablished 1n 1

trategic Cor
5. The Whit e
r President T

in Quantum I n fverviema iRBsnysSci ence as

World, September 28, 201Bttps://physicsworld.corafusinvests249min-quanturinformationscienceaswhite-

houseunveils-strategicoverview/ ( Her e i n a f
World.)

ter, “US Invests $249 Million in (
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Advancing Quantum Information Science:

and Opportunities

In July 2016, the National Soandecethrdpicovhewl od
White House OfficeggfPS¢ie’ys DB AT@RNTenyhnQUant um
I nformation Science: Nat i.onTahli sChraelploerntg epsr oavhni dd eQp f
description of the QIS disciplines, summarized ¢
fields of teoHndblasgy amdeameds i1identified 1imped:
approaches to addressing them, surveyed federal
forward in the contextecdfori mtcearnwattiyonal and pri:
The report poumlea pgdutisdeirlé.eS . government QIS R&D:
e Maintain stable and sustained core programs
opportunities appear and restructured as 1 mp
programs will allow establbirkhedgimvessdndkart s
confidence that QIS is a field with a future
translating laboratory demonstrations into m
e Invest strategi-lcianhiltye d np rtagrgaermse dt, o tacmei e ve ¢ o
me asur ¢ aibdes .o bTacdcgtemti ¢ &,d tpirmegr ams are an eff e«
me chanism f oerdeafcihniecedv itnegc hweilclal advances and a
adaptation to a changing technological 1ands:
e Closely monitor the field to evaduate the ou
quickly adapt programs to take advantage of
made. Continued monitoring is required to en.
QI S investment remains effective into the fu:
surprise.
The rrtepcooncl uded by stating that QIS should be ¢
and investment, with particular attention paid t
impediments to progress and maedt St atit ag at comemilt
edge of QIS devel opments.

The National Strategic Overview for Qt

In September 20T&He Na¢ i NOEC Styatégic Overview f
Scientdiee policy oppbrsusitategideatvelarbdldewi ar ¢ s v

8 The NationalScience and Technology Counisilthe principal means by which the Executive Branch coordinates

science and technology paliecross the derse entities that make upthed e r a1l R &D enterprise. One o
primary objectives is estabhing clear national goals foederal science and technology investments. The NSTC
prepares R&D packages aimed at accomplishing muliiplet i onal goals. The NSTC’s work 1is

committees: Environment, Natural Resources, and Sustainability; Homeland and National Security; Science,
Technology, Engineering, and Mathematics (STEM) Education; Sgiand Technology. Each of thbemmittees
oversees subcommittees and working groups that are focused on different aspects of science and.technology

9 The Office of Sciene and Technology Policy advisiéa® President in policy formulation and budget development on

questions in which science and technology are important elements; agcutate Pr es i dent s science and
policy and programs; and fostessong partnerships amoifederal, state,ral local governments, and the scientific

communities in industry and academia. The Director of OSTP also serves as Assistant to the President for Science and
Technology and manages the NSTGr more information on OSTP and the NSTC, GBS Report R4393%)ffice of

Science and Technology Policy (OSTP): History and Ovenbigwohn F. Sargent Jr. and Dana A. Shea

Congressional Research Service R45409 - VERSION 4 - UPDATED 4
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Table 1.The National Strategic Overview for Quantum Information Science
QIS Policy Opportunities

CHOOSE A SCIENCE -FIRST APPROACH TO QIS

e Strengthen federallfunded core research programs and use approaches ranging from distributed small g
to centers and consortia where appropriate, to support letegm QIS research.

e Fostercrossdiscipline dialogue and collaboration between quartoocused researchers, engage the broade
scientific community to highlight and share relevant scientific advances, and grow and coordinate the qu
research community.

e Establish and utilize arfoal coordination body, such as the National Science and Technology Council
Subcommittee on Quantum Information Science (SCQIS).

e Focus on ogrand challengesé as a mechanism for
and encourage federafjencies to identify, prioritize, and coordinate investment in both fundamental and
applied challenges.

CREATE A QUANTUM -SMART WORKFORCE FOR TOMORROW

e Encourage industry and academia to create convergent,-gec®r approaches for diverse workforce
deel opment to meet the countryds QIS needs.

e Use and enhance existing programs to increase the size of theg@ty workforce.

e Encourage academia to consider quantum science and engineering as its own discipline, with needs for|
faculty, programs, anditiatives at all levels.

e Address education in the area of quantum science at an early stage, including elementaryandduigh
school levels.

e Reach out to broader audiences by working with involved agencies and industry to highlight their invest
along withsuchnovel or unconventional approachesutilizing art, media, and engagement with cultural
institutions.

e Encourage the QIS community to track and estimate the future workforce needs of quantum industry.

DEEPEN ENGAGEMENT WITH THE QUANTUM INDUSTRY

e Foster the formation of a U.S. Quantum Consortium with participants from industry, academia, and
government to forecast and establish consensus on needs and ocidbtoordinate efforts in prompetitive
research, address intellectual propexgncerns, and streamline technoleggnsfer mechanisms.

e Increase investment in joint quantum technology research centers by partnesshgsgindustry, academia,
and government to accelerate ptempetitive quantum research and development.

e Maintain awaneess ofhow the quantum revolution mayffact agency mission spaces and how agencies cal
nurture the adoption of quantum technologies within the federal government by cultivating potentiatend
application spaces.

PROVIDE CRITICAL INFRASTRUCTURE

¢ ldentify critically needed infrastructure and encourage necessary investments by working with governme
experts and stakeholders, as well as industry and academia.

e Encourage agencies to provide the QIS research community with increased access to aritiagyire
facilities and supporting technologies.

Congressional Research Service R45409 - VERSION 4 - UPDATED 5
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e Establish endser testbed facilities along with training and engagement, thereby allowing federal agencie
stakeholders to explore applications relevant to their respective missions.

e Leverage existinmpfrastructure, including manufacturing facilities that can be repurposed and expanded,
rapidly advance quantum technology development.

MAINTAIN NATIONAL S  ECURITY AND ECONOMIC GROWTH

e Maintain an understanding of the security implications ofctienging science and technology landscape in

e Promote mechanisms, such as the SCQIS, for all government agencies to stay abreast of the defense 4
security implications of QIS technologies and help balance the benefits of economic growth with reew ris
created by the technology.

e Ensure consistent application of existing classification and export control mechanisms to provide the lar
amount of information possible to U.S. universities and industry about actions related to QIS research tg
encourage eonomic opportunities, protect intellectual property, and defend applications relevant to natio
security.

ADVANCE INTERNATIONAL COOPERATION

e Seek to increase international cooperation with industry and government partners.

e Ensure the United States canties to attract and retain the best talent, and has access to international
technologies, research facilities, and expertise in QIS.

o Identify strengths and focus areas, as well as gaps and opportunities, of international actors to better
understand the eslving international QIS landscape from both technical and policy perspectives.

Source: The National Strategic Overview for Quantum Information ScieN®TC, September 2018.

According Holtllbewimegpdrhte,s e recommphadanthingsandl on
coordination made possible by the SCQIS as well
t he Unitfend uSted tseusc ce s s .

Depart ment oAdCedmé: cRlr opfosed
Rul e ma KkRagiew of Controls for Certain
Tec hmdles

On November 19, 2018, theBDepant méndndfis€Commande
( Bb$burdraal e aAdvwa mmnme Notice of( RNBRWepgde Rub¢Eé makir
Controls for Certal%ThEmemgrmgioT &c hoidf-e deigaip @ ¢

ot hmdrdl i tary exopms tt htegmghti ons

This ANPRM seeks putloi d dcenetrmgfinn g otne enlrgi ot beergiae s t h
essential to Uf &r @4 4 bngndnaauls es etchueryi t y

e have poatenventpowavleapoms of mass destruction
e could provide new methods for intelligence ¢

e could be used Bsrthei bgsmapplfiocatmicwns

10 https://www.federalregister.gabcuments201811/19/201825221 teviewof-controlsfor-certainemerging
technologies

Congressional Research Service R45409 - VERSION 4 - UPDATED 6
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e could provide the United States with a qual:i
advantage.

These may theaw itancl uded in possibTke fluitutrcof xpaotrd g
includes, among many otherpos atmigondhev irgaart g e nagf tQImS
computing, sensCammeomn A MBER&Viey pfluieomn December 19,

International QIS Initiatives
i h

QI S R&D is being pursued at major Tresearc cent e
Union (EU) having the largest foreign QIS progra
profiletsnvas Qm8nR&D, while Australia and the Ne
investments. Even without explicit QIS initiatiy
Germany, and Austria, are making strides in QIS
Angyé Assessment of the Future Economitaand mpact of
witness testimony at congressional hearings have
China

China designated QlI'fegaeprdageciytesasclidemec co fa nfdour
technology devel-d2@m@ntAgdpdiatni dmal 29,061t designate
communications and computing as @enenafiadi fumaij ai
for QIS R&D is estPima2eid7attBbeddomnbeyobangefi a n
QI S science center. China also actively seeks ou
incentives to attract Ch,i ncewrbrieQutBlgye apdr wer kndger
over,bgak to China.

Bet ween 21081,6 Gmidna@2 Owas the first to achieve thre

he 1 auncHs offi rtshte gqwoarnitdum sated l1ite, Mi cius,

he |l aunedadh sdafanrxel gqm@ant um communication 1l andl
nd Shamglapt ethbred 2017

he f tdrisstt alnocneg quantum videoconference, bet we
f
a

Sciences in Beijing and thenAustrian Acad:«
nuary 2018.

11 Assessment of the Future Economic Impact of Quantum Information S¢i2Ace

2«Congess’s Quantum Science Bill May ,NotDeKeenp et lOn eJS SMiplt ietmabre:
2018, https://www.degénseone.cortlireats201809/congresssuantumsciencebill -may-notkeepusmilitary-ahead
china51319/

13 <At Last America Is Movingn Quantum Forbes August 20, 201&ttps://www.forbes.consitesarthurherman/
201808R20/atlastamericais-moving-on-quantum/

14¢ls China the Leader in Quantum Communicationiide Sciencelanuary 19, 2018
https://www.insidescience.omgwsthinaleaderquanturacommunications

%“Chinese Satellite Uses Quantum Cryptogr aMiThTechnblogy Secure V
Review January 30, 2018¢tps://www.technologyreview.cosi610106¢hinesesatelliteusesquantumcryptography
for-securevideo-conferencebetweercontinents/

Congressional Research Service R45409 - VERSION 4 - UPDATED 7
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European Union

First outl’ds n2Z@ua@mt urh eNabmd f e T ot Qdaindt um Technol og
RoadYiarpp August '20Qwanthm Edlchnologies Flagship p
lyear initiative soiavmme¢ementl ingbabhect DI Sh&KR&D.
initiative are to

e foster a compertitmvien Emstorpye atno quas i ti on Eur oy
the future global industrial 1andscape;
e expand European scientific leadership and ex

e make Europe an attractive region for innovat
quant um itesc;h naod d g

e benefit from advances 1 n
grand challenges in such

=0
"

an
1

um technologie:
i e s

t
d as energy, h

United Kingdom

In 2013, the UKXeest abd406hmdl hi €thwiNdwigoras]l PQuwamn tau
to translate QIS R&D into commercial technologie
it would invest mor e -btahsaend $qlu0aSn tmuimk Itieocnh nionl ofgoyu rd el
centers over the next fyvengkbude.ibhti dkehgt resenrrt
driving assisstawicreg seyg U icpamediets cflicer nsiesasricohn s, and 1
fireffghters.

Canada

CanasdaQIlS program began in 1999 with private 1nv
I nstaintdutlbkni versity of Water]l o 2dsl 81 bdadlgres ipmr oQIL Sl
$11.5 million (USD) over three years to the Inst
Waterloo.

U.S. Congressional Activity

Threef oQluSsed billsethave '®ekegdd s rodddi tionally, 1
held three QIS hearings.

Legislation
The Senate has introduced two béeldsedntdot@kS Ho u s

National Quantuns.I MdHt4BBat) b2 7Act (

The National Quadnt B3H.48n ) 6 W2an¥t ir wed uAcetd (in t he Sena
26, 2018, by Saennda tionr tJhoeh nHoTuhsueneon June 27, 2018,
16 European UnionQuantum ManifestaVlay 2016 https://time.tno.nthedia’ 638fuantum_manifesto.pdf

17 European UnionTheQuantum Technologies Roadma#ugust 2018http://qurope.etn20204tflagship/

roadmap2016

B« £80m Funding to Boost UK Quantum Te chn bith:doptigso®r ogr ams, > O
newsH/9/20.
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Smit h. These bill sprwogirladm etsa aabd c eslhe raa tfee d@.r&.1 QI S
the bills would estabdisnbht aoiNaOf bhat¢ RQubaht ond mOEDE

e oversee interagency coordination,

a
e provide strategic planning support,

e serve as a central point of contact for stak
ach, and

e promote commercialization of federal researc

e conduct outre

The bills -are 1ntended to

e support basic QIS research and standards dev
basic research and estabbndhs  DPFEonat Nenhabnat.
Science Foundation basic research and academ
research and education centers;

e encourage U. S. technology companies to contr
resources to a national effort; and

e address fvrdamdadntgalpsre assist in creating a s
pipeline, and allow the United States to tak
standards and measures for global wuse.

H. R. ws2 2r7Te pgr tddd House Committee onanpaissmde, Spa
in the House onHSRppOmddd 61 vas20e8ecived by the |
refed to the Committee on Commerce, ScBence, and
31432s approved and ordered to be reported with
the Senate Committee on Commerce, $scsBeRept.and T
11-389 November 27, 2018); it was phdeedGenethb S
Orders on November 27, 201 8.

Quantum ComputingS.Rels%9%8 ch Act (

The Quantum Comp(St.i fWaliescadwhe Acby Senator Kama
June 5, 2018. The bill would require ume Secreta
Information (oonnssoorwdtiibudne.+-uTdhee ¢

e one component composed of members selected b
from among institutions of higher learning a
eastern half of the United States which are
quant wmaitn foon science; and

e one component composed of members selected b
Research Laboratory from among institutions
partners located in the western half of the

acchiement 1in quantum information science.
The billo wodtladblalsshh a—board composed of

e the Chief of Naval Research and a designee o
e the Director of the Army Research Laboratory

e the AssistantunDilrnefcotronra toifo nQuSacnitence at the Of
and Technology Policy; and

e members of the National Quantum Initiative (

Congressional Research Service R45409 - VERSION 4 - UPDATED 9
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Theoard would be responsible for

e awarding grants to consortium members;

b
e assisting with ongoing research being conduc:
to quantum information sciences; and

e facilitating partnerships between consortium

Department of Energy Quantum InG(ormée¥?3B3on Sci

The Department of Energy QuantSumjlbiwflor mattrord u¥ ei
by Senator Ioins aNoMweirk &®d Bi The U ihSeel c rweotua rdy reefqui r e
Energypntdacqguabmtsum informatiaomedawiddmge research

e formulating goals for quantum information sc
the Department of Energy;

o Jleveragingethedyodfl eknowl edge from existing
science Tresearch;

e providing research experiences and training
graduate students in quantum information sci

e coordinating resear elxiowfgfiargtssp afcwmwded tthher ou g
depart ment; and

e coordinating with other federal agencies, 1 e.
users of information produced under this sec

Hearings

Three House committees have held hearings on dif

Americamsleiapdei n Quantum Technology

On October 24, 2017, the House Committee on Scie
on Research and Technology and SubAmemrmictan e on E
Leadership in QVbhsangwens Tdrdhlewd od ¢ .

e a comparison of U.S. and intermnational QIS R

e how to effectkmvoovll g dtgreaibd ea wQlr kK f or ce.

ChimsaPursuit of Emerging and Exponential Tec

On January 9, 2018, the House Ar me dg STehrrveiactess Con
and Capabiliti® shimaPdrauheantfngmenging and Expor
Technofbgsess diseussed included

e Chi'snai nvest meendtgei nt elcehandoilnoggi e s , including QIS

e concerns that China may tbhed cSltamstiemsg itnh e dgraap cwe
technol ogy R&D.

19 https://science.house.gtegislationhearingsaimericarleadershipquantumtechnology
20 https://armedservices.house.deuislationhearingsthinas-pursuitemergingandexponentiatechnologies
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Di srupter Series, Quantum

On May 18, 2018, the House Committee on Energy a
Commerce and Consumer Protection held a hearing
“Di stupt’@its sSueersi edsi.s cu#ssed included

e an overview of the uses of quantum computers
e the advantages of quantum computers over Ccon:
e potential dangers from quantum technologies,

e barrierdetvel opment avfa ial acbolmemequcaimtluny comput er

United States, and

e where the United Statesmnsstandevihopehagt aon t
commeravailllaygbl e quantum computer.

U.S. Policy Considerations

In its July 20 1s6t arteepdo rttdrla ¢tshicev eNaSt¢Tan ch ge 8 f €ect i ve U. S
policy would require a collaborative effort amon
The report cited five key areas that need to be

institutional nbawmmrd awroireksf;orecku dataiimi ng; technolo
material s aanndd ftahber ilceavteilona;nd stability of fundin
t he DOBRuraenppourmt Sensors at the I ntersections of F
I nf or Mat eone, a@@@d0oCoé6mMpubthdgduring congressional

Institutional Boundaries

QIS research is often conducted within institut:i
example, federal department s ,e paanrd neevnetn ahgaevnec isepso
R&D at a number of universities in different di s
requirements. As a result, coordination and coll
di fficult. Theeutctraenagt waeet hofdi oo se expertise 18 s«
success Many observers and researchers contend
collaboration will lead to greater progress thar

Education and Workforce Training

Scientisssrygndepndsentatives contend that currer
raining programs are insufficient for continuec
resust ting range of skills and exmperti Foerthat va
xample, while a deep knowledge of quantum mecha
equired for QIS basic research and applications
epart+sneahsas computer science,ngampeleirdd gmatamamat
ngineamrd ngeeded as well. Multidisciplinary QIS
e

g ., DOE, NIST) are seen as one possible solut

/\(DQ_H(DOFP

2L https://energycommerce.house.dwadringsdisrupterseriesquanturacomputing/
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echnology and Knowledge Transfer

ome of the piomhpendiimentys stea iooruesating successful
nclude 1issues related to the complicated natur e
niversities and obtaining patents, lack of a st
onmegctqiual i fied recent graduates and experience
overnment representatives have noted that s ome
ut that challenges remain.

U‘UQOE""UJH

Materials and Fabrication

AdvancememwtplofL aQli  ns depends heavily on the gen:
and on improving the tools needed to fabricate t
a room into usable forms. These c¢ haglelneenrgaelsl yar e
agree that advancement 1in QIS R&D depends wupon s

Level and Stability of Funding

Like other R&D progr ams, QI S is affected by fluc
such fluctuations have sl dwedl QpSeptr ogfessfubbkyy
wor kforce. Some of the funding instability has T
federal agencies, which has led to uncertainty i
may have commirsibmg ede st @ampahers seeking opportuni
being actively recruited by foreign governments
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